Annotation. The paper deals with the operation of continuous two-and three-span beams with damage to the middle support. For a two-span continuous beam, the dynamic coefficients for the action of concentrated forces over the middle support and span of the beam are theoretically substantiated. The results of numerical studies of double-span beams at different loads and time intervals of damage to the middle support are presented. The method of dynamic calculation, which can be used to calculate the survivability of steel structures, has been worked out. A good correspondence of the dynamic coefficients obtained numerically with theoretical values is established. Depending on the order of the formation of the design, the dynamic coefficients vary from 1 to 3. For survivability of the design, the pre-bending of the beams above the middle support is most dangerous. With the use of a well-grounded numerical technique, the dynamic coefficients for a continuous three-beam beam are investigated. For continuous beams, if the middle supports are damaged, it is recommended to use a dynamic coefficient of 2 for the load in the spans adjacent to the damaged support
Introduction
In Russia and other countries, a scientific direction is developing, which studies the behavior of damaged structural structures. In the design practice, the analysis of the loadcarrying capacity of such structures is called the calculation for progressive destruction or the calculation of survivability. The problem of studying the bearing capacity of damaged structures is very relevant because of the adverse consequences of the destruction of buildings [1, 2] . In Russia, when designing unique buildings and structures, the calculation of load-bearing structures is performed with damage to their individual elements [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . One of the ways to calculate survivability is to apply a modified long-term load with a dynamic coefficient to the changed design. The magnitude of the dynamic coefficient with a quick turn-off of the element can be taken as equal to 2. For spatial systems, local damage, even with an instantaneous failure of the element, does not always lead to dynamic effects corresponding to the dynamic coefficient 2. Determination of the dynamic coefficients for common designs for various damage schemes is of great practical importance .
Theoretical part
For a theoretical justification of the dynamic coefficient, simple beam structures can be used [19, 20] . Consider a beam on two supports with hinged support at the ends and an intermediate support in the middle of the span. In the middle of the span the beam is loaded with concentrated force. Damage to the structure consists in the destruction of the middle support ( Fig.1) .
Fig.1.
The beam is loaded with a concentrated force in the middle of the span: a -the original structure; B-damaged construction.
Perhaps several options for the interaction of the middle support with a beam: 1 variant. With the static action of the force of the beam the span of the span l curved to the deflection, then the middle support was fed. The reaction of the support is zero.
2 variant. The support is fed at a load equal to the force fraction, at the moment of contact of the beam with the middle support, the deflection of the beam.
3 variant. The beam is supported by an intermediate support before the load is applied, the initial deflection is zero
where H -the height from which the load P falls on the beam, c w -the deflection of the beam by a span l of a hinged-at-end force from the static action.
For the connection between force and deflection, we use the following relationships [21] :
where c -system stiffness (the same for static and dynamic load action),
w -dynamic deflection.
variant
In the first version, the beam initially has a deflection equal to the full static while supporting it at the ends and in the middle of the force P . 
After removing the support on the beam, it will act as an instantly applied, unbalanced fraction of the force, and the total load on the beam will be:
3 variant With the 3rd variant of the damage, the full load is transferred to the middle support. After the instant removal of this support, the entire load is immediately applied to the beam, and the dynamic coefficient is 
where / 2 o c U Pw
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w -the dynamic deflection of the beam, measured from the rectilinear axis of the beam.
After the simplest transformations, we get the quadratic equation: 
The dynamic coefficient obtained from expression (5) Thus, the coefficient of dynamism depends on how the structure was formed. It is necessary to take into account the presence of gaps between the supports and the structure, as well as the presence of preliminary bends during the construction of supports. More dangerous for the survivability of the design is its preliminary bending.
Consider the construction in the form of a continuous two-span beam, loaded in the middle of each of the spans by concentrated force P (Fig.2) . 
Deflection of the beam under each of the concentrated forces in the original structure:
The deflection of the beam under each of the concentrated forces with their static action in the damaged structure, measured from the rectilinear beam axis, is equal to:
After examining the energy balance of the system (7) and performing transformations similar to those carried out for the 4th variant, we obtain a dynamic deflection of the beam in the places of application of forces, measured from the rectilinear axis of the beam:
The dynamic coefficient in this case:
Numerical studies
Numerical studies are performed using finite element models of a damaged design in a static and dynamic setting [22] [23] [24] [25] . With dynamic calculations, the damaged element is removed, and the internal forces arising in the removed element are applied to the structure, which decrease to zero during the element's damage time [22] [23] [24] .
Numerical studies were carried out using the Nastran computer complex. The beam was modeled by the beam elements "beam". Each beam span was broken into 6 elements. To take into account the dynamic mass calculations in places where concentrated forces are applied, an element of the "mass" type is used. Calculations are made for a beam from steel I-beam 20B1.
The study of the dynamic coefficients under the action of concentrated force over the middle support is carried out for several design schemes: 1 scheme: force 48.94 kN is applied over the middle support to the undeformed beam; 2 scheme: the force is applied to the beam by a span of 12 m, after reaching a half of the beam deflection by a span of 12 m from the force of 48.94 kN, the middle support is brought under the beam and the load is brought to 48.94 kN; 3 scheme: the beam is bent by displacing the middle support by an amount equal to half the beam deflection by a span of 12 m from the concentrated force of 48.94 kN, after which a concentrated force of 48.9 kN is applied to the beam to the middle support, the reference reaction is 73.41 kN.
Variants of the investigated structures are presented on Fig.3 . When calculating the 1 circuit, the external load is constant, and the reference reaction decreases for a specified period of time to zero. In the calculation of schemes 2 and 3, the external load and the reference reaction increase for 20 seconds. From zero to the full value, the external load then does not change, and the reference reaction decreases to zero within a specified time interval. Table 1 shows the forces in a two-span beam, depending on the time of reduction of the support reaction in the event of damage to the middle support. In addition to the efforts in Table 1 , the dynamical coefficients are equal to the ratio of the maximum dynamic forces to the corresponding forces calculated for the static loading of the damaged structure. It is established, the faster the support reaction decreases, the greater the dynamism coefficient. The maximum design dynamic coefficients differ from the theoretical ones by 4-12% (the theoretical coefficients of dynamism are somewhat larger). For the considered constructive schemes, if the time of reduction of the reference reaction coincides with the period of the first form of natural oscillations d k is close to unity.
The work of beams with load in the flights of a continuous beam (Fig.4) is numerically investigated: a beam with concentrated forces in the middle of each span and a beam with a uniformly distributed load. With a decrease in the time of damage to the middle support, the dynamic coefficient increases. The maximum coefficient of dynamism under the action of concentrated forces in the middle of the spans, obtained numerically, differs from the theoretical one by 6% (theoretical value d k 1.972 more numerical).
The operation of continuous three-span beams is considered in case of damage to one of the middle supports (Fig.5) . The removed support is marked in the figures with a dotted line. The value of the support reaction of the removed support is 1.1*6.525*6=43.07 kN. 
Conclusions
Depending on the initial state of a continuous two-span beam, the theoretical dynamic coefficients vary in the range from 1 to 3. The possibility of numerical calculation of damaged structures in a dynamic setting using the Nastran computer complex has been developed, and a numerical calculation method for the action of concentrated and distributed load has been worked out. The discrepancy between the theoretical coefficients of dynamism and the coefficients determined by the numerical calculation is 4-12%. For the constructions considered, the shorter the time of destruction of the middle support, the greater the coefficient of dynamism. If the average support is damaged during a time equal to the period of the first waveform, there is no significant increase in effort in the structure, while the dynamic coefficients are 1.02 -1.06.
Taking into account the carried out researches for structures in the form of cut and continuous beams, in the absence of initial gaps or bends, it is recommended to use in the calculations in the static setting the load with the dynamic coefficient equal to 2 in the spans adjacent to the damaged support.
For simple beam structures (in the form of individual beams, girders, consisting of main and secondary beams), in the load capacity reserve it is allowed to perform a static calculation in the design using loads with the corresponding dynamic coefficients.
